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I. Executive Summary
The fuel blends were shipped to two laboratories.  ORTECH Corporation (ORTECH),
with support from Cummins Engine Company (Cummins), conducted test cell
preparation, engine conditioning, and engine calibration and troubleshooting.  Dixie
Services, Inc. (Dixie) commenced fuel speciation tests.  ADEPT submitted several
funding proposals, prepared contracts and provided support to project subcontractors.

II. Test Program Work Performed

A. Fuel Delivery to Current Subcontractors
Dixie received the fuel blends from Aeriform on April 15, 1998.  ORTECH received the
fuel blends on April 29, 1998.  Delivery of the fuel to ARB’s Haagen Smit Laboratory in
El Monte, California (ARB-El Monte) is expected in mid-May.

B. Fuel Properties and Octane Testing
During the March 26th Task Group conference call, its members recommended further
evaluation of which test methods Dixie is to use:  (a) those recommended by Dixie in
their quote; or (b) those specified in the California Code of Regulations and cited in the
ARB January 1997 report.  The noted differences between the two protocols were; (1)
water content, and (2) sulfur. Dixie also recommended that a fluoride content test be
conducted to further validate the octane number results.  ARB staff solicited feedback
from each Technical Committee member. It was decided to proceed with the following
protocol:
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Specification Value Test Method
Propane – Gas Chromatography vol.% ASTM D 2163
Vapor pressure at 100 °F Psig (max) ASTM D 2598
Volatility residue °F at 95% evaporation ASTM D 1837
Residual matter 0.05 ml ASTM D 2158
Corrosion, copper strip No.1 ASTM D 1838
Sulfur ppm ASTM D 32461

Moisture Content pass ASTM D 2713
Fluoride ppm UOP 6192

As of the end of April, Dixie received the fuel blends and began testing.

C. Medium-Duty Engine (Cummins B5.9LPG) Emissions Tests at ORTECH.

ORTECH began the test cell set up and preparation.  In the conduct of engine
commissioning ORTECH defined the engine’s performance parameters for testing.  In
consultation with Cummins the below parameters were established:

• Intake restriction 4.4kPa (17.5” H20)
• Exhaust back pressure 13.5 kPa (4.0” Hg)
• Intake manifold temperature 52°C (125°F)
• Air pressure drop from the compressor outlet to the mixer inlet 13.5 kPa (4”Hg)

The tested engine performance plot is as follows3:

Speed
(rpm)

Torque (lb-ft) Power (bhp) Variation from
Specification

Rated Power 2,600 411 203 +4.1%
Peak torque 1,600 444 135 +5.5%

A transient cycle regression analysis was conducted to determine how well this engine
follows the transient emissions test cycle.  It verified that the engine is able to pass cycle
regression criteria with 20 lb-ft and 10 lb-ft of curb idle transmission torque.

                                                       
1 ASTM D 3246 was selected in place of ASTM D2784 due to two reasons given by Dixie:  (1) it is
slightly more accurate and (2) it is repeatable.
2 Universal Oil Products (UOP) Test #619 was added to the protocol.  It is the only company that has a
specified flouride test.
3 See ORTECH engine daily performance check and ECU voltage analysis in appendices for further detail
regarding day-to-day variability in engine performance and emissions (April 15 & 17).
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Unforeseen issues arose.  These were:

• It initially appeared that the engine was calibrated at slightly higher horsepower and
torque.  After suitable calculations this calibration was found to be within 5% of rated
specifications. The engine was determined to be suitable for further tests.

• Engine power, torque and emissions were sensitive to: (a) ECU4 supply voltage, and
(b) throttle sensitivities.

Preliminary engine emission tests were conducted on bulk HD-5 LPG (propane 96%,
ethane 4%, air DL, butane DL).  At an ECU supply voltage of 12.3 volts emissions
results were as follows:

Value = g/bhp/hr
Cycle Run # NOx THC CO

Cold cycle 900 2.549 1.633 0.600
Hot cycle #1 901 2.382 0.969 0.199
Hot cycle #2 902 2.405 1.079 0.168

ORTECH continued calibration and tuning of the dynamometer as well as it began
quality control setup and preliminary sample range setup on the gas chromatography
(GC) analyzer for fuel specificiation analysis verification.  Some unexpected problems
occurred with the GC analyzer.

ORTECH received the fuel blends on April 29.  On April 30th ORTECH verified the
labels on the LPG blends cylinders.  A fuel blend label indicated that one blend was
outside the ADEPT requested specs.

No further engine tests were conducted in April.

D. Light-Duty Truck (F150 Bi-Fuel) Emissions Tests at ARB Haagen Smit
Laboratory

The Ford vehicle was undergoing testing in another program.  It has not been delivered to
ARB El-Monte.  Ford indicated that if the F150 is not available in time their next option
was the F250 bi-fuel truck.  ARB-El Monte staff expressed concern in that the F250 is
not classified as a light-duty truck.  ADEPT and WPGA made back-up arrangements to
secure another F150 truck.  Ford is to notify ARB/ADEPT in early May as to the F 150's
availability and delivery date.

E. Performance and Combustion and Durability Tests
The following laboratories are to receive a request for proposal:  Cummins, Southwest

                                                       
4 ECU – electronic control unit
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Research Institute (SwRI), University of California at Riverside Research Center (CE-
CERT), and ORTECH. Initial proposal-solicitation discussions and/or drafts were
conducted with all laboratories.

II. Project Management Support and Administrative Work Performed

A. Project Fundraising
ADEPT submitted funding proposals to the Engine Manufacturers Association (EMA),
Exxon and Tosco. The proposal to EMA was to further support existing Cummins
contributions to the project.

B. Project Expenditures
The table below shows April expenditures, as approved during the March 26, 1998 Task
Group meeting, and total expenditures to date.

Item Funds Expended
In April

Total Funds
Expended

Fuel (Aeriform) $0 $3,000
Emissions Tests (ORTECH) $27,000.00 $42,000
Fuel Properties (Dixie) $0 $0
ADEPT P.M. $0 $0
Attorney Fees $2,187.50 $2,187.50
Subcontractor $312.50 $630.75
Total 29,500.00 $47,818.25

Project Account Balance:  $7,978.97
Outstanding invoice(s):   $90,000 Canadian from PGAC/NRCan

Total funds received to date, by funder source are:

Funder Amount
NPGA $9,000
Shell $36,000
WPGA $10,000
Total $55,720

C. Project Contracts and Other Documents
ADEPT finalized fuel purchase orders with Aeriform.  ADEPT prepared and submitted
support documents for the SCAQMD contract and submitted a draft letter of agreement
for ARB’s review.  ADEPT solicited outstanding signatures for the MOU.  As of April
30th, outstanding MOU signators are:  AFRED, ARB, Cummins, and NPGA.
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Travel associated with effort described:.
No travel was conducted.

II. Work planned for the next reporting period (May  1 - 31, 1998)

Project Management-ADEPT
1. ADEPT will continue general project management.
2. ADEPT will prepare and complete funding contracts and letters of agreement

for co-sponsors.
3. ADEPT will continue fundraising.
4. ADEPT solicitation of proposals for performance/combustion tests.
5. ADEPT solicitation of proposals for durability tests.

Test Program
1. ORTECH:  Begin emissions testing.
2. Dixie:  Conduct and complete fuel speciation and octane tests.
3. Aeriform:  Deliver fuel to ARB/El Monte Laboratory.
4. Receive pre-proposals for performance, combustion tests.
5. Receive pre-proposals for durability tests.

III. Attachments:
1. Project Timeline (GANTT Chart).
2. ORTECH Weekly/Interim reports:  April 6, April 13, April 15, April 17, April

20, and April 27 (with mailed version).

IV. Disclaimer
This report was prepared by The ADEPT Group, Inc. (ADEPT) as a result of
work co-sponsored by the South Coast Air Quality Management District
(SCAQMD) and Task Group Members.  The opinions, findings, conclusions, and
recommendations are those of the author and do not necessarily represent the
views of SCAQMD.  SCAQMD, their officers, employees, contractors, and
subcontractors make no warranty, expressed or implied, and assume no legal
liability for the information in this report.  SCAQMD has not approved or
disapproved this report, nor have they passed upon the accuracy or adequacy of
the information contained herein.

V. Glossary of Acronyms

ARB California Air Resources Board
ASTM American Society for Testing and Materials
bhp brake horse power
C celsius
ECU electronic control unit
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EMA Engine Manufacturers Association
F fahrenheit
g/bhp/hr grams/brake horse power/hour
Hg mercury
kPa kilopasquals
lb.-ft. pound feet
LPG liquefied petroleum gases
psig pounds per square inch of gas
ppm parts per million
rpm revolutions per minute






















